Virulence factors of Spanish Helicobacter pylori isolates and correlation with gastritis or ulcer production  by Domingo, Diego et al.
ORIGINAL ARTICLE 
Virulence factors of Spanish Helicobacter pylori isolates and correlation 
with gastritis or ulcer production 
Clin Microbiol Infect 1999; 5: 668-671 
Diego Domilgo, Teresa Alarm a d  Matiuel Lopez- Brea 
Department of Microbiology, Hospital Universitario de La Princesa, Madrid, Spain 
Objective: To study the cagA, vacA and iceA status of Helicobacter pyloriclinical isolates obtained from adult patients 
suffering from peptic ulcer or gastritis in order to find if these virulence factors are useful in determining a strain to be 
a gastritis or ulcer producer. 
Methods: One hundred and five H. pylori strains from patients with gastritis and ulcer were studied. Culture and 
identification was done by standard methodology. cagA, vacA and iceA detection was performed by PCRs previously 
described. Results were visualized by agarose gel electrophoresis. 
Results: Amplified fragments of 297 bp (cagA), 259 bp (vacA sl), 286 bp (vacA s2) and 975 bp (iceA) were detected. 
cagA was detected in 83.3% and 91.3% of gastritis and ulcer strains respectively (p>0.05). sl was detected in 57.1% of 
gastritis strains and 62.3% of ulcer strains ( p >  0.05). cagAwas strongly related with the sl allele. iceA was more prevalent 
in strains from gastritis (82.4% versus 66.7%). The combination of cagA, vacA and iceA was not correlated with the 
production of peptic ulcer disease. 
Conclusions: These data suggest that the combination of cagA, vacA and iceA cannot be used to predict severe gastric 
disease in Spanish H. pylori clinical isolates. 
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INTRODUCTION 
Helicobacter yylori is a spiral, micro-aerobic, Gram- 
negative rod isolated in 1983 [l] and known as the 
cause of the most common gastrointestinal bacterial 
infection worldwide [2]. The microorganism is the 
principal cause of chronic gastritis and is strongly 
associated with peptic ulcer, gastric cancer and mucosa- 
associated lymphoid tissue (MALT) lymphoma [3]. 
The prevalence of the infection varies among 
developed and developing countries [4], and both 
fecal-oral and oral-oral modes of transmission cause the 
human-to-human dissemination of H. pylori [3]. The 
prevalence rate is significantly higher in duodenal 
ulcer (95%) and gastric ulcer (80%) patients than in 
asymptomatic patients [5]. Virulence factors related to 
the microorganism include urease [6] and colonization 
factors, such as: lipopolysaccharide [7], adhesins [8], 
the induced by contact with epithelium gene (iceA) [9], 
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catalase [lo] and those related to the production of 
vacuolating cytotoxin, vucA and cugA. The vucA gene 
encodes a vacuolating toxin excreted by H. pylori that 
causes damage in epithelial cells both in vitro and in 
vivo. The gene is present in all the strains and comprises 
two variable parts: a signal sequence that exists as s l  or 
s2 allele and a middle region that can occurs as an m l  
or m2 allele [ll]. It has been accepted that s lml  strains 
are more pathogenic and related to more severe diseases 
than s2m2 strains [12]. On the other hand, cugA is 
considered to be a marker of the pathogenicity island 
(cag), a fragment of 35 kbp that is related to increased 
release of inflammation factors, such as interleukin-8 
[13]. Finally, the above mentioned iceA gene, is thought 
to be related to the colonization of the microorganism 
in the gastric mucosa. Two main allelic variations have 
been described by Peek et al, iceAl and iceA2 [14]. 
The combination of cugA, vucA and iceA as a 
pathogenicity marker should be of great interest for 
determining the virulence of an H. pylori strain. Some 
authors find correlation between cugA, vucA s l  and 
iceAl and the production of ulcer disease [15]. 
The aim of this work was to study the cugA, v u d  
and iceA status of H .  pylori clinical isolates obtained from 
adult patients who suffered from peptic ulcer or gastritis 
in order to find if these virulence factors were useful in 
determining a strain as a gastritis or ulcer producer. 
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MATERIALS AND METHODS 
Patients 
In total, 105 H. pylovi strains were obtained from adult 
patients submitted to gastric endoscopy because of differ- 
ent disorders. Thirty-six were isolated from gastritis 
patients and 69 from ulcer patients. 
Microbiological culture 
Samples were sent to the Clinical Microbiology Depart- 
ment within 2 h of endoscopy, in a sterile tube with 
1 mL of saline solution. 
Biopsies were cultured on blood agar plates 
(Columbia agar plus 5% sheep blood; bioMerieux, 
Lyon, France) and on selective medium (Pylori agar; 
bioMerieux) or Columbia agar with 5% sheep blood 
and supplemented with antibiotic (DENT; Oxoid, 
Basingstoke, UK), and were incubated at 37°C in a 
5-10% CO? atmosphere. Cultures were not discarded 
until 10 days of incubation. A Gram stain was also 
performed, as well as a rapid urease test. 
Microorganisms were identified by colony morph- 
ology, Gram stain, micro-aerobic growth and urease, 
catalase and oxidase positive tests. 
Molecular biology procedures 
Strains were frozen at -70OC until molecular biology 
techniques were performed. Microorganisms were 
defrosted in order to study genotype characteristics. 
DNA was extracted following the hexadecyltrimethyl 
ammonium bromide (CTAB) method [16]. The con- 
centration of DNA was measured using a spectrometer 
(GeneQuant; Pharmacia, Cambridge, UK) at 260/ 
280 nm. 
PCR reactions were performed in 3 volume of 
50 pL in a 2400 Perkin Elmer cycler. In order to detect 
cugL4, tuA s l  /s2 and iceA, three different amplifications 
were performed to obtain 297-, 259-, 286- and 975-bp 
fragments, respectively [9,11,17]. To study the iceA 
gene, the following pairs of primers were used: ICEAl , 
5’-GGGTGCCGATTTGCGTGGGC-3’; and ICEA2, 
PCR results were examined in 1.5%, 2% and 
1% agarose gel for cugA, vurA and iceA, respectively, 
stained with ethidium bromide. Fragments of phage 
$x-174 previously digested with Hue I11 were used as 
5’-ATCATGGCCTACAACCGCATGGA-3’. 
molecular weight marker (Boehringer Manheim, Mann- 
heim, Germany). Results were photographed with a 
POLAROID MP4 camera. 
RESULTS 
cagA detection 
Ninety-three of 105 strains (88.5%) were cugA positive 
and 12 (1 1.5%) were cugA negative. According to path- 
ology, 30 (83.3%) of the strains from gastritis patients 
and 63 (91.3%) of the strains from peptic ulcer patients, 
were cugA positive (~“0.32) .  
vacA detection 
The vucA gene was studied in 104 strains. The s l  allele 
was detected in 65 (62.5%) and s2 in 39 (37.5%). Of 
the 35 isolates obtained from gastritis, 20 (57.1%) 
showed the s l  allele and 15 (42.9) showed s2. s l  was 
also more prevalent among strains isolated from ulcer 
patients (62.3% versus 37.6%). Relationships among s l  
and strains obtained from ulcer and gastritis was not 
statistically significant (p=0.6). 
Combined cagA and vacA genotypes 
cagA was more closely related with the s l  allele than 
with s2; we obtained strong correlations between cugA’ 
and s l ,  and between cugA- and s2 (p‘0.05). 
When the combination of cugA and t m 4  was related 
to the pathology, we found 42 (60.8%) and 17 (48.5%) 
strains with the phenotype cugA+/tucA s l ,  and five 
(7.2%) and three (8.5%) strains with the genotype 
cugA-/vacA s2 in patients with ulcer and gastritis, 
respectively (p>0.05). These data are shown in Table 1. 
iceA detection 
The iceA gene was studied in 103 strains and was 
detected in 74 (71.8%). The gene was found in 28 
(82.4%) of the strains isolated from gastritis patients and 
in 46 (66.7%) of the strains obtained from peptic ulcer 
patients (p>0.05). 
Combination of cagA, vacA and iceA genotypes 
Based on analysis of the vucA s region (sl  and s2), cugA 
and iceA genotypes, the relationship between these 
genotypes and the production of gastritis or ulcer was 
studied. The numbers and percentages are shown in 
Table 1 Combination of cagA and tucA genotype and their relationship to the pathology 
cag=l+ cagA - 
Pathology vac.4 s l  vac.4 s2 uacA s l  vacA s2 Total 
Gastritis 17 (48.5%) 12 (34.5%) 3 ( ~ 5 % )  3 (8.5%) 35 (100%)) 
Ulcer 42 (60.8%) 31 (30.4%) 1 (1.4%) 5 (7.2%) 69 (100%) 
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Table 2 Combination of cugA, vacA and iceA genotypes 
and their relationships to the pathologies 
Gastritis Ulcer Total 
Genotype (%) ("A) ("/.I 
vad  sl/cagA+/iceA+ 
v a d  sl/cagA+/iceA- 
v a d  sl/cagA-/iceA+ 
v d  s 1 /cagA-/iceA- 
vacA s2/cagA+/iceA+ 
W A  s2/cagAf/iceA- 
v d  s2/cagA-/iceA+ 
vacA s2/cagrl- / iceA - 
Total (%) 
12 (35.3) 
5 (14.7) 
4 (11.7) 
10 (29.4) 
0 (0) 
1 (39) 
2 (5.9) 
0 (0) 
34 (100) 
30 (44.1) 
12 (17.7) 
1 (1.4) 
11 (16.1) 
9 (13.2) 
2 (3) 
3 (14.5) 
68 (100) 
0 (0) 
42 (41.1) 
17 (16.7) 
5 (5) 
0 (0) 
21 (20.5) 
10 (9.8) 
4 (3.9) 
3 (3) 
102 (100) 
Table 2. One hundred and two strains (34 from gastritis 
and 68 from ulcer) were studied. The most frequent 
genotype, in both gastritis and ulcer strains, was vacA 
s l  /cugA+/iceA', and vucA s l  /cagA-/ iceK genotype was 
not found in either gastritis or ulcer strains. 
DISCUSSION 
At present, it is unknown why some patients infected 
with H. pylon' develop severe disease, such as peptic 
ulcer and gastric adenocarcinoma, while others do not 
develop severe disease or remain asymptomatic. It 
seems reasonable to look for virulence factors in the 
microorganism that are able to lead to more severe 
diseases 118,191. 
In this work we have tried to relate, in 105 Spanish 
H .  pylori strains, the presence of 'classical' virulence 
factors like cugA, the sl/s2 allele of vucA and a recently 
described gene, induced by contact with epithelium 
(iceA), to the production of gastritis or ulcer. 
In the study of cugA, we found a high percentage 
of cagA+ strains (88.5%). When it was related to the 
pathologies, similar rates of cugA were obtained in both 
gastritis (83.3%) and peptic ulcer strains (91.3%). The 
prevalence of cugA found in this study is not in 
accordance with rates published by other authors, who 
found higher percentages of the cugA gene among 
strains obtained from patients with severe disease 
[20-231, but are in agreement with those obtained from 
other populations, especially from Oriental countries, 
where similar percentages of cugA in gastritis, peptic 
ulcer, gastric adenocarcinoma and normal mucosa 
patients were found [24-271. One explanation coud be 
the heterogeneity of cugA among H. pylori strains [28]. 
The study of the variability of the gene in countries 
such as Spain could be of interest in order to study the 
relationship between this virulence marker and the 
production of severe diseases. 
The vacA gene was also an object of our study. We 
focused on the s allele, because it is more closely related 
to gastric inflammation rates and peptic ulcer pre- 
valence than is the m allele [12]. In our strains we 
detected similar percentages of s l  and s2, although the 
majority were cugA positive. These data are not in 
agreement with other data published by authors who 
found a high level of homology in the VUCA gene, nearly 
100% of strains showing s l  [29]. As in most papers, we 
found cagA and vacA s l  to be very strongly associated 
(p<O.O5) [15]. O n  the other hand, we found no 
correlation between the v u d  s l  allele and the 
production of peptic ulcer; indeed, we obtained s i d a r  
percentages of s l  in the two pathologies (57.1% in 
gastritis and 62.3% in peptic ulcer), which disagrees 
with the results of other authors who obtained a good 
correlation between s l  and peptic ulcer [15]. Never- 
theless, Go et a1 [30] did not find a relationship between 
the VUCA genotype and gastroduodenal disease. 
In the study of iceA, we detected the gene in only 
71.8% of the isolates and we &d not find a correlation 
with the production of ulcer, as have other workers 
[15]. However, Ng et al found no correlation between 
iceA1 and the presence of ulcer, and showed similar 
percentages of iceA1 in patients with duodenal ulcer 
and the control group [31]. The percentage of iceA 
negative isolates could be due to a mutation in the 
amplified target, and a hybridization assay could be 
useful in investigating the actual role of this gene in the 
virulence of H. pylori. 
The combination of cugA, vucA and iceA was 
not useful in distinguishing gastritis from ulcera- 
tion. The most frequent genotype found, cagA+/vucA 
sl/iceA+, was found in similar percentages in both 
gastritis and ulcer patients, but was slightly more fre- 
quent in the latter (35.3% versus 44.1%). These data do 
not agree with the results of van Doorn et al, who 
found good correlations between c a d + ,  VUCA s l  and 
iceA+ genotypes and the presence of ulcer [15], but are 
in agreement with those of Ng, who did not find this 
relationship [31]. 
An explanation of the lack of correlation between 
these virulence factors and the presence of peptic ulcer 
disease could be provided by the intragenic variation in 
these markers. Our strains showed more homology 
with strains obtained from Oriental countries (China, 
Japan, Korea), in which the percentage of cagA is nearer 
100%, than with strains obtained from Europe. How- 
ever, Evans et aI detected higher percentages of cugA in 
Houston than in Brazil. Moreover, they found that 
possession of cugA was significantly related to severe 
gastric disease in Brazil, but not in Houston [32]. 
Perhaps a more exhaustive study of these genes is neces- 
sary in order to relate them to more severe pathologies, 
such as ulcer disease. 
In conclusion, from our data, correlating different 
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virulence factors of H. pylori, such as cagA, vacA and 
iceA, with the production of gastritis or ulcer, we found 
no relationship between these factors and the produc- 
tion of ulcer. In our experience, these virulence factors 
cannot be used as predictive markers in order to identify 
a strain as a gastritis or ulcer producer. 
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